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XL. Anatomical Ohfervations on the Tor^ 
pedo. ^j. John Hunter, F. R. S. 

Read July I, T W A S defired fome time fi nee, by 

i77> J^ y[^^ WaI/1), whofe experiments at 
La Rochelle had determined the effeft of the 
Torpedo to be elecflrical, to difledt and examine 
the peculiar organs by which that animal produces 
fo. extraordinary an efFed. This I have done in 
feveral fubje<5ts furniflied to me by that Gen- 
tleman. 

I am now defired by him to lay before the So- 
ciety, the ohfervations I have madej and for the 
better underftanding of them, to prefent, on his 
part, a male and female Torpedo in fpirjts i in the 
latter of which the eledric organs are expofed in 
different views and feitions; likewife a copper-plate, 
which he took care to have engraved, exhibiting 
thofe organs. 

Of the general ftrudure and anatomy of the Tor- 
pedo I fay nothing, fince the animal does not differ 
very materially, excepting in it's eledric organs (as 
they have been properly named by Mr.Walfli) from 
the reft of the Rays, of which family it is well 
known to be. I will only premife, that the Tor- 
pedo, of which I treat, is about eighteen inches 
long, twelve broaci, and in it's central or thickeft 
part two inches thick y which is nearly the fize of 
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the female fpecimen, now prefented to the Society, 
as well as of that from whieh the plate was taken: 
but where there is any difference in^ the organ 
arifing from difference in fize^, notice wilL be taken 
of it in this accounts, 

The ele£lric organs of the Torpedo areplaoed oa 
each fide of the cranium and gills, reaching from 
thence to the femicircular cartilages of each great 
fin, and extending longftudiDally from the. anterior 
extremity of the animal to the tranfverfe cartilage, 
which divides the thorax from the abdomen ; and 
within thefe limits they occupy the whole fpace be- 
tween the Ikin of the upper and of the under fur- 
faces : they are thickeft at the edges near the cen- 
ter of the fifh, and become gradually thinner to- 
wards the extremities. Each eiedric organ, at it's 
inner longitudinal edge, is unequally hollowed ; be- 
ing exadlly fitted to the irregular projeftions x>i the 
cranium and gills. The outer longitudinal edge is a 
convex elliptic curve. The anterior extremity of 
each organ, makes the fe^lion of a fmall circle; and 
the pofterior extremity makes nearly a right angle 
with the inner edge. Each organ is attached to the 
furrounding parts by a clofe cellular membrane, and 
alfo by fhort and ftrong tendinous fibres, which pafs 
diredtly acrofs, from it's outer edge, to the femicir* 
cular cartilages. 

They are covered, above and below, by the com- 
mon Ikin of the animal 5 under which there is a thin 
fafcia fpread over th^ whole organ. This is com- 
pofed of fibres, which run longitudinally, or in the 
diredlion of the body of the animal : thefe fibres ap- 
pear to be perforated in innumerable places^ which 
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gives thej^/rik the tppcarance of being fafciculated ; 
ifi edges all arouod, are clofcly conneded to the 
llcifi, and at laft appear to be loft^ or to degenerate 
into the common celblar membrane of the Ikin. 

Immediately under this, is another membrane, 
exaftly of the fame kind, the fibres of which 
in fome meafure decuflate thofe of the formeft 
palling from the middle Jine of the body out- 
wards and backwards. The inner edge of this^ 
is loft with the firft defcribed 1 the anterior, outer, 
and pofterior edges are partly attached to the femi- 
circular cartilages^ and partly loft in the common 
cellular membrane. 

This limtr fafck appears to be continued into 
the eledric organ, by fo many procefles, and there* 
by makes the membranous lides or fheaths of the 
columns, which arc prefentjy to be defcribed 1 and 
between thefe prcKrefl'es the fo/cm covers the end 
of each column^ making the outermoft or firft 
partition* 

Each organ, of the fifh under confideration, is 
about five inches in length, and at the anterior 
end three in hreadth^ though it is but little 
more than half as broad at the pofterior ex- 
tremity. 

Each confifts wholly of perpendicular columns, 
reaching from the up^r to the under furface of 
the body, and varying in their lengthi, according 
to the thicknefs of the parts of the body where 
they are placed 1 the longeft column being about 
an mch and an half, the Ihorteft about one fourth 
of an inch in length, and their diameters about 
two tenths of an inch. 
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The figures of the columns are very irregular, 
varying according to fituation and other circum- 
ftances. The greateft number of them are eithei 
irregular Hexagons, or irregular Pentagons > but 
from the irregularity of fome of them, it happens 
that a pretty regular quadrangular column is fome^ 
times formed* Thofe of the exterior row are ei- 
ther quadrangular or hexagonal i having one fide 
external^ two lateral, and either one or two inter- 
nal. In the fecond row they are moftly pen- 
tagons. 

Their coats are very thin, and feem tranfparent, 
dofely conncaed with each o.h«. having a' kM 
of loofe network of tendinoujs fibres, paffing tranf- 
vcrfely and obliquely between the columns,, and 
uniting them more firmly together. Thefe are 
moftly obfervable where the large trunks of the 
nerves pafs. The columns are alfo attached by 
ftrong inelaftic fibres, paffing diredly from the one 
to the other. 

The number of columns in different Torpedos 
of the fizeof that now offered to the Society, ap- 
peared to be about 470 in each organ, but the 
number varies according to the fize of the fi{h^. 
Thefe columns increafe, not only in fize, but in 
number, during the growth of the animal : new 
ones forming perhaps . every year on the exterior 
edges, as there they are much the fmalleft. This 
procefs may be fimilar to the formation of new 
teeth, in the human jaw, as it increafes, 

* In a^veryJarge Torpedo,, the number of columns in ont 
cleftric organ vyprc 1 1 82 . 

3 Each 



[ 4«S ] 

Each column is divided by horizontal partitions, 
pkced over each other, at very fmall diftances, and 
forming numerous interftices, which appear to con- 
tain a fluid.. Thefe partitions confift of a very thin 
membrane, confidcrably transparent. Their edges 
appear to be attached to one another, and the whole 
ii attached by a fine cellular membrane to the infide 
of the columns^ They are not totally detached from 
one another: I have found them adhering^ at diffe- 
rent places, by blood-veffels paffing from one to 
another. 

The number of partitions contained in a column of 
one inch in length, of a Torpedo which had been 
preferved in proof fpirit, appeared upon a careful ex- 
amination to be one hundred and fifty: and this 
numt^r in a given length of column appears to be 
common to all fizes in the fame ftate of humidity, 
for by drying they may be greatly altered 5 whence 
it appears probable that the increafe in the length of 
a column, during the growth of the animal, does not 
enlarge the diftance between each partition in pro- 
portion to that growth; but that new partitions arc 
formed, and added to the extremity of the column 
from ih^ fafcia. 

The partitions are very vafculan the arteries are 
branches from the veins of the gills, which convey 
the blood that has received the influence of refpira- 
tion^ They pafs along with the nerves to the elec- 
tric organ, and enter with them 5 then they ramify, 
ill every diredion, into innumerable fmall branches 
upon the fides of the columns, fending in from the 
drcumference all around upon each partition fmall 
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arteries, which ramify and anaftomofe upon it ; and 
paffing alfo from one partition to another, anaftomofe 
with the yeffels of the adjacent partitions. 

The veins of the eled:ric organ pafs out, clofe to 
the nerves, and run between the gills, to the auricle 
of the heart. 

The nerves inferted into each elefl:ric organ, arife 
by three very large trunks from the lateral and po- 
fterior part of the brain. The firft of thefe, in it*s 
pa0age outwards, turns round a cartilage of the era-- 
nium^ and fends a few branches to the firft gill, 
and to the anterior part of the head, and then paffes 
into the organ towards its anterior extremity. The 
fecond trunk enters the gills between the firft and 
fecond openings, and, after furniftiing it with fmall 
branches, paffes into the organ near it's middle. The 
third trunk, after leaving the ikull, divides itfelf into 
two branches, which pafs to the eledric organ 
through the gills ; one between the fecond and third 
openings, the other between the third and fourth, 
giving final] branches to the gill itfelf. Thefe ners^es 
having entered the organs, ramify in every dire<i^ion, 
between the columns, and fend in fmall branches 
upon each partition where they are loft. 

The magnitude and the number of the nerves 
beftowed on thefe organs^ in proportion to their 
fize, muft on refleftion appear as extraordinary as 
the phenomena they afford. Nerves are given to 
parts either for fenfation or aftion. Now if we ex- 
cept the more important fenfes of feeing, hearing, 
fmelling, and tafting, which do not belong to the 
elefitric organs^ there is no part even of the moft 
perfe<3: animal, which, in proportion to it's fize, is 
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h libef ally fupplied with nerves ; nor do the nerves 
feem neceflary for any fenfalion which can be fup- 
pofed to belong to the eleftric organs. And with 
reff^d to aftion, there is no part of any animal, with 
which I am acquaintedi however ftrong and conftant 
it's natural actions may be, which has fo great a 
proportion of nerves. 

If it be then probable, that thofe nerves are not 
neceflary for the purpofes of fenfation, or aftion, 
may we not conclude that they are fubfervient to 
the formaiion, coUeftioni <)r management of the 
eleftdc fluid 1 efpecially as it appears evident, from 
Mn Wallh's experiments, that the will of the ani- 
mal does abfoluiely controui the eleftrie powers of 
it's body ^ which mufl: depend on the energy of the 
nerves:^ 

How far this may be connefted with the power 
ef the nerves in general, or how far it may lead to 
an explanatioa of their operations, time and futurt 
difcoveries alone can fully determine. 
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An ExPi^ANATi OH of tlie Engraving of tlie 

Torpedo* 

Tab. XX. 

Fig* I. The upper furface of tbe ele^aric orgao^ 

A A. The common ikin of the animaL 

B. The infpiratorj opening. 

c. The eye. 

m; The part in which the gills are inclofed. 

EEi. The Ikin differed off from the eledric organ, 
and turned outwards ; the honeycomb appearance 
Oft ifs internal furface correfponding with the 
upper furface of the organ. 

r. The part of the ikin which covered the gills, 
with fome ramifications of an excretory duft upon 
it. 

OGG. The upper furface of the eieftric organ t formed 
by the upper extremities of the perpendicular co- 
lumns. 

Fig. II. The right ele6:ric organ divided horizon- 
tally into nearly two equal parts at the place 
where the nerves enter 1 the upper half being 
turned outwards. 

A A. BB. cc. DD. The correfponding parts of the 
trunks of the nerves, as they emerge from the 
gills, and ramify in the eleftric organ. 

A A. The firll or anterior trunk arifing jiift before 
the gills. 

BB. The fecond or middle trunk arifing behind the 
firftgill. 

Ji. The 
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cc* The anterior branch of the third trunk arifing 

behind the fecond gilL 
DD. The pofterior branch of the third trunk arifing 

behidd the third gill. 

Fig. IIL A perpendicular fedion of the Torpedo a 

little below its infpiratory openingrt 
A A. The upper furface of the fi(h. 
BB. The mufcles of the back as divided by the fec- 

tion. 
c. The Medulla Spinalist 

D. The Oefophagus. 

E. The left gill fplit, to expofe the courfe of a 
trunk of the nerve through it. 

F. The breathing furface of the right gilt 
GG. The fins. 

HH. The perpendicular columns which compofc the 
elcftric organ, with a reprefentation of their hori- 
zontal partitions. 

L One ot the trunks of the nerves^ with its ramifi- 
cations. 
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